Light petroleum, dichloromethane and methanolic extracts of Linum usitatissimum were investigated using GC/MS. The main components of three sequential extracts were methyl linolenate (11.9-33.9%) and methyl linoleate (3.4-9.1%). Components possessing antimicrobial activity against acne causing bacteria, namely α-linolenic acid (7.0 -7.1%), α-terpinene (1.7-3.1%), terpinen-4-ol (1.3-4.6%), 4-cymene (1.6-7.1%) and α-pinene (1.1%), were found in varying amounts. Antimicrobial screening indicated that the light petroleum extract was more active against aerobic and anaerobic test strains with a MIC value of 1.25 mg/mL and a MBC of 2.5 mg/mL against S. aureus and P. acnes. A MIC of 2.5 mg/mL was observed against S. epidermidis.
Flax, Linum usitatissimum Linn. (Linaceae), a versatile, blue-flowered herb of western Argentina, Russia and the USA [1] , is cultivated in various temperate and tropical regions of the world. Egyptians, Hebrews, Greeks and Romans used its seeds as food and its fiber for textiles. Flax is a cool temperate annual herb [2] . Traditionally, it is cultivated for obtaining vegetable oil, which is known as linseed oil or flaxseed oil. This is then used in the manufacture of paints, varnishes and linoleum because of its drying and hardening properties when exposed to air and sunlight. The oil is rich in polyunsaturated fatty acids, particularly α-linolenic acid (ALA-omega-3 fatty acid) (35-67%), linoleic acid (LA-omega-6 fatty acid) (8-29%), and oleic acid (12-30%) [3] . The two polyunsaturated fatty acids, LA and ALA, are essential for human beings because the body is incapable of synthesizing them and they must be obtained from the fats and oil present in food [4] .
ALA accumulates preferentially in the skin and adipose tissues. ALA gets converted into the longer chain fatty acids EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid), whereas LA is converted to another long-chain fatty acid, arachidonic acid (AA). The body further converts AA and EPA into very powerful hormone-like substances called eicosanoids that affect physiological functions such as cell growth and division [5] . Flaxseed has been reported to be effective for a number of medicinal uses, mainly as a laxative, expectorant and demulcent [6] . Recently it has been reported that linseed contains phytoestrogen compounds with weak estrogenic or antiestrogenic activity, which have purported health benefits such as mitigation of hormone dependent breast cancer, prostate cancers, osteoporosis, cognitive dysfunction, cardiovascular diseases [7] , immune system dysfunction, inflammation and infertility. Lignans, a major class of phytoestrogens, provide protection against cancer by blocking certain enzymes involved in hormone metabolism and interfering with the growth mechanism and spread (metastasis) of tumor cells [8] .
Flaxseed not only contains lignans but several other bioactive compounds namely phenolic acids, anthocyanin pigments, flavonols, flavones, and phytic acid, which have been reported for their antioxidant activity as they neutralize free radicals, which damage the cells [9] [10] [11] . Many clinicians believe ALA to be beneficial for overall skin vitality and epidermal integrity [12] . Flaxseed has been reported to possess anti-inflammatory potential [13] [14] [15] and the presence of ALA in it decreases eicosanoid synthesis. It is interesting to note that the demand for herbal cosmetics for treatment of acne is increasing due to less observed side effects, and the development of resistance of acne-causing bacteria towards antibiotics.
To the best of our knowledge, although previous reports revealed the composition, antibacterial and anti- LUPE -light petroleum extract; LUDCM -dichloromethane extract; LUME -methanolic extract; RT -retention time of the compounds in the treatment of acne. Acne vulgaris is a multifactorial disease affecting more than 85% of adolescents, caused by hormonal, microbiological and immunological mechanisms. It affects body parts having a large number of oil glands like face, back, and trunk [16] where the organisms, Propionibacterium acnes, Staphylococcus aureus and S. epidermidis proliferate rapidly [17] , leading to the development of acne. Thus, the aim of the present study was to determine whether the chemical components present in L.usitatissimum made it a suitable antimicrobial agent for the treatment of acne.
Preliminary phytochemical screening of the light petroleum, dichloromethane and methanolic extracts of L. usitatissimum revealed the presence of terpenes, proteins and fatty acids. The three test extracts obtained were abbreviated as LUPE, LUDCM and LUME, respectively and their composition found by GC/MS analysis is presented in Table 1 . Though 50 constituents were identified, the major components present in all the extracts were methyl linolenate (11.9% -33.9%) followed by methyl linoleate (3.4% -9.1%). The amount of α-linolenic acid ranged from 7.0% to 7.1% in LUPE and LUME, but linoleic acid was not identified in any of the extracts. All the principal components documented for anti-acne activity, namely α-pinene, α-terpinen, terpinen-4ol [18] and α-linolenic acids [19] , were found in LUPE.
The antimicrobial screening was carried out on the three sequential extracts using clindamycin phosphate as a positive control. The highest zone of inhibition was observed in LUPE (14.0 ±0.08 mm) against P.acnes. LUPE was found to be effective against aerobic and anaerobic test strains with an MIC of 1.25 mg/mL against S.aureus and P.acnes, and 2.5 mg/mL against S. epidermidis. A MBC of 2.5 mg/mL was observed against S. aureus and P. acnes. The MIC of LUDCM against S. aureus and S. epidermidis was 1.25 mg/mL and 2.5 mg/mL, respectively, whereas LUME was found to be active only against S.aureus with a MIC of 2.5 mg/mL ( Table 2 ). Clindamycin showed remarkable antimicrobial activity against S. epidermidis and P.acnes with a MIC of 0.08 mg/mL and a MBC of 0.16 mg/mL. Bacterial Susceptibility Index values indicated that S.aureus was susceptible to all three test extracts (100%), followed by S.epidermidis (66.7 %), which was not susceptible to LUME and P.acnes (33.3%), which was susceptible only to LUPE.
Experimental
Plant materials: Dried ripe seeds were procured from authorized herbal stores in Delhi, India. Their botanical identities were determined and authenticated at NISCAIR, Pusa Campus, New Delhi. A voucher specimen (NISCAIR/RHM/consult/2008-09/978/09) has been deposited at NISCAIR, New Delhi, India.
Extraction and yield:
Flax seeds were pulverized, passed through a sieve #10, and then extracted in a Soxhlet apparatus at room temperature. Sequential extraction of 200 g of flax seeds was undertaken with solvents of increasing polarity i.e. light petroleum (PE), dichloromethane (DCM), and methanol (ME). The extracts were evaporated under vacuum using a rotary evaporator and stored at 4ºC in airtight containers for further studies. The percentage yield of the extracts is recorded in Table2. column of fused silica HP-5 ms (0.25 mm × 30 m × 0.25 µm). One µL of each extract was injected in the split mode (1:50) with an injector temperature of 280ºC. The oven temperature was programmed, starting from 70ºC (1 min) at 25ºC /min to 150ºC (0 min), at 3ºC /min to 200ºC (1 min) and at 8ºC /min to a final temperature of 280ºC (3 min). Helium was used as carrier gas. The detection was performed in EI mode with an ionization energy of 70 eV, source at 230ºC and quadruple at 150ºC. Relative percentage amounts of the separated compounds were calculated automatically from the peak areas of the total ion chromatogram. The identity of the components was assigned by comparison of their retention time and spectral data with the corresponding data from the NIST'05 library [20] .
GC/MS analysis:

Evaluation of antibacterial activity:
The antibacterial activities of LUPE, LUDCM, LUME and standard clindamycin were determined using disc diffusion [21] and microdilution methods [22] . Stock solution of the test extracts having a concentration of 1% w/v was prepared in the solvent used for extraction [21] . One hundred μL of standardized bacterial suspension [5x10 5 CFU/mL] was inoculated followed by loading of 20 µL of the extracts onto sterile discs. Overnight incubation was at either 37ºC or 30ºC depending on the type of aerobic bacteria. Similarly, for P. acnes, incubation was in an anaerobic chamber at 37ºC having an atmosphere consisting of 10% CO 2, 10% H 2, and 80% N 2 for 48 h. Standard clindamycin (10 µg/disc) was used as positive control and the solvents as a negative control. Each test was performed in triplicate and the bioactivity was determined by measuring the diameter of inhibition zones in mm (Table 2 ).
MIC was determined by a microdilution method [22] . The test extracts were dissolved in DMSO (10%) and diluted further with DMSO to give concentrations ranging from 5 -0.078 mg/mL and these dilutions were then distributed in 96 well plates, along with a growth control. Each test extract and control was analyzed by adding 20 µL of INT ethanolic solution (0.5 mg/mL) to detect growth. The trays were again incubated at either 37ºC or 30ºC for 30 min.
All the experiments were performed in triplicate and the results were expressed in mg/mL ( Table 2) .
MBC were determined as in [23] , with slight modifications by plating 10 µL of samples without visible growth from each MIC well onto nutrient agar and reinforced clostridial agar plates. After 24 h incubation for aerobic and 48 h for anaerobic organisms, the plates were examined for colony growth and MBC was recorded ( 
